Context: Successful arterial cannulation requires wide and patent arterial lumen. A recent study has shown that success rate of radial arterial cannulation at first attempt is more at 45° angle of wrist extension in both young and elderly patients. No study has reasoned whether these high success rates at 45° is because of less compression of the radial artery at this particular angle of wrist extension. Hence, we attempted to study whether the radial artery dimensions changes with increasing angles of wrist extension in young, healthy female volunteers using ultrasound examination. Aim: To investigate the effect of increasing angle of wrist extension of 0, 15, 30, 45, 60, and 75° on radial artery dimensions at the level of the wrist joint using ultrasound examination. Settings and Design: A prospective single blinded study in volunteers. Subjects and Methods: Sonographic measurements of radial artery dimension at the wrist level were performed in 48 young, healthy female subjects. Height (anteroposterior in mm), width (mediolateral in mm) and depth (skin to artery) were measured at wrist extension of 0, 15, 30, 45, 60, and 75°. The dimensions at each angle are compared with 0° as the control and statistical analysis done. Statistical Analysis: One-way analysis of variance test. Results: No statistically significant change in dimension of the radial artery is observed with increasing angle of wrist extension. Conclusion: Ultrasound evaluation showed that increasing angle of wrist extension does not significantly change the dimensions of radial artery at the wrist joint level in young healthy female volunteers.
INTRODUCTION
Many medical textbooks recommend mild extension at the wrist joint for successful radial artery cannulation. [1] They never advise a particular wrist angle of extension for successful cannulation. Recent study has shown that success rate of radial arterial cannulation at first attempt is more with the wrist at 45° extension in both young and elderly patients. [2] The authors have reasoned this finding to compression of radial artery with wrist extension. Hence, we studied the effect of the increasing angle of wrist extension of 0, 15, 30, 45, 60, and 75° on radial artery dimensions using ultrasound examination in young healthy female volunteers.
age group of 18-25 years were recruited after getting written informed consent in this prospective study. The procedures followed were in accordance with the ethical standards of the Helsinki Declaration of 1975, as revised in 2000. We hypothesized that the dimensions of the radial artery at the wrist joint level changed with increasing angles of wrist extension in young healthy females. The sample size of 48 in each group based on statistical power analysis was arrived (explained in the statistical analysis). We included 48 American Society of Anesthesiologists I healthy female volunteers in this study. Participants with a history of the peripheral vascular disease, any pathology restricting wrist movements, body mass index (BMI) >30 and those with any scar or deformity at the wrist joint were excluded.
Six wrist metal splint boards [ Figure 1 ], each at a different angle from 0° to 75° in 15° increments of the extension were made with a goniometer and used in this study. The splint angles are constantly checked with goniometer before examining each participant because the angle may change with constant usage. Subjects were evaluated in sitting position. The nondominant hand radial pulse was chosen for examination. Radial artery visualization was performed with a 15-8 MHz broadband linear transducer of a high-resolution B-mode SonixTablet ultrasonograph™ Ultrasonix Medical Corporation, Canada [ Figure 2 ]. The ultrasound examination was done by a senior anesthesiologist for all the subjects. The point of prominent arterial pulsations at the level of the proximal crease of the wrist was palpated after positioning the hand fixed to the appropriate angled splint. The ultrasound probe was placed in a transverse plane at that point, and the same probe position was maintained throughout the study. Arterial visualization was confirmed by the pulsatile flow. Transverse images of the radial artery were obtained. Care was taken by the examiner to avoid the effect of probe weight on the dimension of the artery. The gain and the depth of ultrasound imaging is fixed and kept same in all the participants. The same procedure was repeated with the other angled splints and images are recorded. The sonographic measurement was done by a separate anesthesiologist who is blinded for the splint angle used as shown in Figure 3 . This blinding is done by covering the splint with a drape so that the Anesthesiologist is not aware about the splint angle being used for that particular image.
Measurement technique
The study parameters measured are height (anteroposterior dimension), width (mediolateral dimension) and depth (skin to artery distance) of the vessel lumen measured from the freezed two-dimensional ultrasonic image on the monitor. The ultrasound probe is placed transverse to the radial artery. The measurement was done at the lumen wall interface as shown in Figure 3 . Height is the maximum diameter measured from the upper edge or lumen wall interface to the lower edge along the sagittal axis of the recorded image. Width is the maximum diameter measured from the right edge or lumen interface and the left edge along the horizontal axis of the arterial image. Depth is the maximum distance from skin to upper edge or wall lumen interface in the transverse plane image.
Sample size was calculated according to the results of the previous study, [3] we calculated the sample size with an effect size of 0.72 mm in radial artery height between 45° angle and 0° angle in young healthy individuals with a standard deviation of 0.78. From these differences and assuming α error value of 0.05 and a β value 0.20 (study power: 80%), we needed a sample size of at least 36 participants. We included 48 healthy female volunteers in our study with an expected drop rate of 25%.
The dimensions at each angle of wrist extension were compared to the corresponding dimension at 0° wrist extension taken as a control, and statistical analysis was done and tabulated.
Statistical analysis was performed using SPSS Inc. 
RESULTS
The age distribution in the study population is 21 ± 0.98, and the BMI distribution is 22 ± 0.16 in the study population. Table 1 shows the radial artery dimensions at varying angles of wrist extension 0, 15, 30, 45, 60, and 75° which includes the height (mm), width (mm), and the depth (mm). Table 2 shows the statistical analysis comparing each parameter at varying angles of 15°, 30°,45°, 60°, and 75° to the corresponding value at 0°. Statistical analysis of this data showed that there was no statistically significant change in the sonographically measured radial artery dimension at varying angles of 15°, 30°, 45°, 60°, and 75° wrist extension compared to dimensions at 0°. On analyzing the data, we can appreciate that the width of the radial artery tends to increase gradually from 0° to 75° but the change is not statistically significant. While the mean height changes with increasing angles of wrist extension, but not statistically significant at any angle when compared to 0° 0° wrist angle. Hence, no statistically significant compression reflecting as a change in width or height occurred with increasing angles of wrist extension on the radial artery dimension.
No dropouts during the period of study. ANOVA test was used to analyze the dimensions at varying angles of wrist extension. P < 0.05 was interpreted as statistically significant.
DISCUSSION
We studied the effect of varying angles of wrist extension 0, 15, 30, 45, 60, and 75° on the radial artery dimension evaluated using ultrasound examination in healthy female volunteers. We hypothesized that the dimensions of the radial artery at the wrist joint level changed with increasing angles of wrist extension in young healthy females. We found that the radial artery dimension did not show a statistically significant change with increasing angles of wrist extension from 0° to 15, 30, 45, 60, and 75°.
We used high-resolution B-mode ultrasonography for arterial diameter measurement. Echo tracking may be the ideal mode for continuous measurement of arterial diameter throughout the cardiac cycle. High-resolution B-mode is as reproducible [4] as echo-tracking for a single point of time measurement or discontinuous measurement. Figure 4 shows the changing flow pattern in the radial artery with increasing wrist extension using color Doppler imaging.
We used healthy female volunteers of age 18-25 years in our study. The radial artery dimension is significantly larger in male than in the female. [5] So gender may be a confounding variable, so we selected only female subjects. Radial arteries showed age-related acceleration of atherosclerosis. [6] Total atheroma volume was strongly associated with the square of age. Atherosclerotic plaques markedly reduce the distensibility. [7] Hence to include such elderly individuals with a different degree of atheromatous changes in our study would confound the outcome by having different distensibility and the compression effect on the radial artery. To avoid this confounding influence of age on the degree of atheroma formation of radial artery and hence its distensibility and the vessel diameter, we included only young participants of age group 18-25 years in this study.
Mizukoshi et al. [5] conducted a similar study where they found that the radial artery dimension is unaltered until 45° of wrist extension. The conflicting results are due to: They have included volunteers from 22 to 38 years of age in their study. They also included both males and females in their study. The changes of atherosclerosis happen as early as the fourth decade. [8] The uniqueness of our study is that we negated the influence of the confounding variables such as gender and age as explained above by including only the young healthy female subjects.
There are however some limitations in our study: First, this study is not intended to detect the success rate of radial arterial cannulation. Second, the study was limited to young adult females, hence might not be applicable to old adult, geriatric and children. We sincerely felt that our study has clinical applicability since more and more young adults with congenital heart disease (grown up congenital heart disease) are coming for perioperative care for noncardiac surgery. Third, the ultrasound probe pressure could have affected the dimension. We tried to negate its influence by having the same clinician doing the ultrasound measurement in all the subjects. The arterial dimension also would have been affected by the phase of the cardiac cycle.
To our knowledge, no previous study has identified or investigated the factors affecting the success rate of radial artery cannulation except for the factors such as degree of wrist extension and ultrasound guidance for cannulation. Our study has shown that there are no statistically significant changes in dimension and hence the compression of the radial artery with increasing angles of wrist extension. Hence, the decreased success rate at first attempt of radial artery cannulation at 30° and 60° compared to 45° wrist extension [2] may not be due to compression effect on the radial artery due to wrist extension. Hence, the clinical importance of our study is that it has probed the researchers to identify and investigate other factors that may influence the success of radial artery cannulation and hence the scope for further research.
To conclude, ultrasound evaluation showed that increasing angle of wrist extension does not significantly change the dimensions of radial artery at the wrist joint level in young healthy female volunteers.
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